Abstract-The effects of addition of purified NADPH-cytochrome c (P-450) reductase on microsomal activities of aniline hydroxylation, p-phenetidine 0-deethylation and ethylmorphine and aminopyrine N-dernethylations were investigated utilizing micro somes from untreated, phenobarbital-treated and 3-methylcholanthrene-treated rats. The purified reductase was incorporated into microsomes. The drug oxidation activities were increased by the fortification of microsomes with the reductase while the extent of increase in the activities varied with the substrate and microsomes employed. The most pronounced enhancement was seen in p-phenetidine 0-deethylation, followed by aniline hydroxylation and aminopyrine and ethylmorphine N-demethylations. The enhancement was more remarkable in microsomes from rats treated with 3-methyl cholanthrene or phenobarbital. n-Naphthotlavone inhibited p-phenetidine 0-deethyl ation activity markedly when the reductase was incorporated into microsomes, indicating that a larger amount of a species of cytochrome P-450 sensitive to the inhibitor was capable of participating in the oxidation of this substrate in the presence of the added reductase. One of the two Km values seen with higher concentrations of aniline or aminopyrine was altered by the fortification of microsomes with the purified NADPH cytochrome c (P-450) reductase. From these results, we propose that NADPH cytochrome c (P-450) reductase transfers electrons to the selected one or two of multiple species of cytochrome P-450 more preferentially depending upon the substrate and the concentration of the substrate in microsomal membranes.
The current view of the liver microsomal monooxygenase enzyme system is that in microsomal membranes, cytochrome P-450 catalyzes the biotransformation of a variety of drugs, toxic compounds including carcinogens, and endogeneous substrates such as steroids and fatty acids (1) (2) (3) (4) (5) . In this enzyme system, the reducing equivalents from NADPH are transferred through NADPH-cytochrome c (P-450) reductase to cytochrome P-450 which in turn catalyzes the oxidation of various compounds. Several investigators have almost completely purified cytochrome P-450 and NADPH-cytochrome c (P-450) reductase (6) (7) (8) (9) (10) (11) .
The determination of molecular weight and specific activity of these purified enzymes led to the conclusion that cytochrome P-450 is present in 10 to 25 times larger amounts than NADPH-cytochrome c (P-450) reductase on the molar basis in microsomal membranes, and that at least six species of cytochrome P-450 exist in microsomes from phenobarbital and 3-methylcholanthrene-treated rats (12 The effects of varying amounts of added NADPH-cytochrome c (P-450) reductase on p-phenetidine 0-deethylation were then examined. Since the reductase was assumed to limit the rate of drug oxidations in whole microsomes, double reciprocal plots of the activities were drawn towards the amounts of the reductase. As can be seen in Fig. 3 , a non-linear FIG. 3. Double reciprocal plots of p-phenetidine 0-deethylation activity against NADPH-cytochrome c (P-450) reductase activity. Liver microsomes from 3-methylcholanthrene-treated rats were separated and placed in five flasks. Each flask was incubated at 30° for 20 min after addition of desired amounts of reductase. p-Phenetidine 0-deethylation activities were measured using micro somes fortified with various amounts of reductase. 
FIG. 4. Double reciprocal plots of the activity of aniline hydroxylation against the concentration of aniline.
Microsomes (60 mg of protein) from untreated rats were divided into two flasks. The flasks were incubated after addition of 0 or 129.6 units of purified NADPH-cytochrome c (P-450) reductase and 0.1 M Na,K phosphate (pH 7.4). Specific activities of NADPH-cytochrome c (P-450) reductase in the control and the "fortified" microsomes were 0.111 and 0.304 unit per mg of protein, respectively. Open and closed circles represent the activities of aniline hydroxylation in the control and the "fortified" microsomes, respectively. 
DISCUSSION
The possibility that not all of the reductase recovered in the microsomes was functionally involved in drug oxidations remains to be elucidated, however, at least a portion of the "fortified" reductase is assumed to be functionally acting in the microsomal membranes since the rate of cytochrome P-450 reduction by NADPH as well as drug oxidation activities was enhanced by the fortification.
It should be noted that treatment of rats with either phenobarbital or 3-methylchol anthrene did not elevate drug oxidation rates when the activities were calculated on the basis of nmole of cytochrome P-450. The decrease in the activities appears to be caused by the increased ratios of nmole of cytochrome P-450 to units of NADPH-cytochrome c (P-450) reductase present in these microsomes since the ratios in untreated, phenobarbital-treated and 3-methylcholanthrene-treated rat liver microsomes were 5.1, 11.2 and 24.2, respectively.
Consequently, the ideal activities in the presence of theoretically large excess amounts of NADPH-cytochrome c (P-450) reductase were about the same or even slightly higher than controls in all cases except in the cases of aminopyrine and ethylmorphine N-demethylation in 3-methylcholanthrene-treated microsornes. These results suggest that when one wishes to measure the true activity of cytochrome P-450 catalyzing p-phenetidine 0-deethylation in microsomes of animals treated with inducers, one should fortify the electron transport capacity from NADPH to cytochrome P-450.
As shown in Table 1 
